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TRANSDERMAL FLUX-ENHANCING
PHARMACEUTICAL COMPOSITIONS
COMPRISING AZONE, ETHANOL AND WATER

CROSS-REFERENCE

This application is a file wrapper continuation of
application Ser. No. 07/449,200, filed on Dec. 12, 1989,
now abandoned which is a continuation-in-part of apph-
cation Ser. No. 07/090,726, filed Aug. 28, 1987, now
abandoned.

BACKGROUND OF THE INVENTION

Percutaneous or transdermal delivery of pharmaco-
logically active agents has become feasible in recent
years largely due to vehicles therefor which allow in-
creased permeation of said agents into the body surface
to which applied. Certain advantages are attendant to
percutaneous drug delivery such as avoidance of the
varied absorption and metabolism which can be en-
countered by oral therapy, avoidance of first pass he-
patic metabolism, improved patient compliance as a
result of a simplified therapeutic regimen and the like.
In many cases, drugs which would appear to be ideal
candidates for percutaneous delivery are found to have
such low permeability that they cannot be delivered at
therapeutically effective rates. In attempts to obviate
this problem, various materials and compositions have
been suggested as permeation enhancers to effect the
transdermal delivery of the pharmacologically active
agent. Among these are the following: dimethyl sulfox-
ide (U.S. Pat. No. 3,551,554); various 1-substituted
azacycloalkan-2-ones including 1-dodecylazacyciohep-
tan-2-one referred to hereinafter as azone (U.S. Pat.
Nos. 4,562,075, 4,405,616, 4,326,893 and 3,989,816);
sugar esters in combination with sulfoxide or phosphine
oxide (U.S. Pat. Nos. 4,130,667, 4,130,643, 4,046,886,
3,952,099 and 3,896,238); lower alkyl amides (U.S. Pat.
No. 3,472,931); certain aliphatic sulfoxides (U.S. Pat.
No. 3,903,256); a composition containing glycerol
monooleate, ethanol and isopropyl myristate (U.S. Pat.
No. 4,335,115); a binary mixture of 1-dodecylazacy-
cloheptan-2-one and a compound selected from a diol
or a second N-substituted azacycloalkyl-2-one (U.S.
Pat. No. 4,557,934); and polyethylene glycol monolau-
rate (U.S. Pat. No. 4,568,343). None of these references
disclose or suggest the permeation enhancement com-
positions claimed herein for increasing the percutaneous
absorption of pharmacologically active agents.

SUMMARY OF THE INVENTION

The present invention is directed to a permeation
enhancement composition for providing increased per-
cutaneous absorption of a pharmacologically active
agent. The composition comprises from 30 to 70 parts
by weight ethanol, from 0.1 to 10 parts by weight azone,
from 30 to 69.9 parts by weight water, and optionally,
from 10 to 30 parts by weight propylene giycol. The
invention also relates to an improved method for the
percutanecous administration of a pharmacologically
active agent which includes placing and maintaining on
a body surface a source of said agent and a permeation
enhancement composition therefor in agent and compo-
sition transmitting relationship on said body surface the
improvement wherein said permeation enhancement
composition comprises from 30 to 70 parts by weight
ethanol, from 0.1 to 10 parts by weight azone, from 30
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2
to 69.9 parts by weight water, and optionally, from 10
to 30 parts by weight propylene glycol.

DETAILED DESCRIPTION OF THE
INVENTION

The permeation enhancement compositions of the
present invention effect the increased percutaneous
absorption of the pharmacologically active agents dis-
posed therein to an extent greater than that observed if
any one component of said compositions were used
alone as the permeation enhancement means for said
agent. Without being bound by theory, it would appear
that each of the ethanol, water and, when present, prop-
ylene glycol act individually as solvents for the pharma-
cologically active agents, the permeation of each of
which is enhanced by the action of azone. Additionally,
the ethanol and propyiene glycol exhibit some perme-
ation enhancement characteristics which, when taken in
the aggregate with their solvent effects, renders compo-
sitions with azone which show exquisite permeation
enhancement capacity.

The permeation enhancement compositions of the
present invention utilize, in addition to ethanol, water
and propylene glycol (if present), the known perme-
ation enhancer azone. As noted above, chemically
azone is l-dodecylazacycloheptan-2-one and is pre-
pared as described in U.S. Pat. No. 4,316,893 which is
incorporated herein by reference. The present perme-
ation enhancement compositions contain from 30 to 70
parts by weight ethanol (preferably 200 proof), from 0.1
to 10 parts by weight azone, and from 30 to about 80
parts by weight water. Optionally, from 10 to 30 parts
by weight of propylene glycol may be added to the
formulation. A preferred composition which contains
propylene glycol is a composition containing from 30 to
50 parts by weight ethanol, from 0.1 to 10 parts by
weight azone, from 30 to 50 parts by weight water and
from 10 to 30 parts by weight propylene glycol. A
particularly preferred composition which contains
propylene glycol is a composition having 37 parts by
weight ethanol, 3 parts by weight azone, 40 parts by
weight water and 20 parts by weight propylene glycol.
A preferred composition which does not contain propy-
lene glycol is one containing from 35 to 70 parts by
weight ethanol, from 0.1 to 10 parts by weight azone
and from 35 to 69.9 parts by weight water. A particu-
larly preferred composition which does not contain
propylene glycol is one containing 52 parts by weight
ethanol, 3 parts by weight azone and 45 parts by weight
water. Formulation of these compositions may be
achieved by conventional methods, as by the simple
mixing of all components thoroughly. The above-noted
ranges set forth for each component of the permeation
enhancement compositions of the present invention are
critical for achieving the unexpected increase in percu-
taneous absorption of pharmacologically active agents
as illustrated hereinafter. However, the skilled artisan
will readily appreciate that compositions containing
diols other than propylene glycol and alcohols other
than ethanol (such as 2-propanol) may find utility in
permeation enhancement compositions as a component
of the formulation. To the extent that any such formula-
tion exhibits the characteristics of the present composi-
tions, such formulations are considered to fall within the
scope and spirit of the present invention.

The permeation enhancement compositions of the
present invention are utilized to increase the percutane-
ous absorption of a pharmacologically active agent
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disposed therewith. “Increased percutaneous absorp-
tion” refers to absorption of a pharmacologically active
agent to an extent greater than if said agent were not
disposed with a permeation enhancement composition
of the present invention. As used herein, the term
“pharmacologically active agent” is used in its broad
sense as meaning any agent which is administered for
the purpose of providing some beneficial or therapeutic
effect either locally or systemically. In general, this
includes agents in all of the major therapeutic classes
including, but not limited to, anti-infectives such as
antibiotics and antiviral agents, analgesics and analgesic
combinations, anorexics, anthelmintics, antiarthritics,
- antiasthma agents, anticonvulsants, antidepressants,
antidiabetic agents, antidiarrheals, antihistamines, anti-
inflammatory agents, antimigraine preparations, anti-
motion sickness agents, antinauseants, antineoplastics,
antiparkinsonism agents, antipruritics, antipsychotics,
antipyretics, antispasmodics including gastrointestinal
and urinary; dopamine agonists, anticholinergics, sym-
pathomimetics, xanthine derivatives, various cardiovas-
cular agents including calcium channel antagonists,
beta-blockers, antiarrhythmics, positive inotropic
agents, antihypertensives, diuretics, vasodilators includ-
ing general, coronary, peripheral and cerebral; central
nervous system stimulants, corticosteroids, cough and
cold preparations, decongestants, diagnostics, hor-
mones, hypnotics, immunosuppressives, muscle relax-
ants, parasympatholytics, parasympathomimetics, psy-
chostimulants, sedatives, tranquilizers and the like. Pre-
ferred pharmacologically active agents are those having
cardiovascular effects. Of those preferred pharmaco-
logically active agents, those compounds described in
Examples 1 through 4, infra, are particularly preferred.
It is contemplated that the permeation enhancement
compositions of the present invention will find utility in
both humans and animals, i.e., will have both medical
and veterinary applications for providing increased
percutaneous absorption of pharmacologically active
agents. It must be pointed out that as used herein, the
term “percutaneous” refers not only to the passage of
such agents through skin (typically intact) but also to
the passage of pharmacologicaily active agents through
membranous tissue such as mucosal membranes. For
these purposes, various pharmaceutical dosage forms
are available for percutaneous administration and are
well known in the art and include, for example, creams,
lotions” gels, ointments, suppositories, sprays, aerosols
and any of a wide variety of transdermal devices for use
in the relatively continuous administration of pharma-
cologically active agents as described in any of the
following: U.S. Pat. No. Nos. 3,598,122, 3,598,123,
3,710,795, 3,731,683, 3,742,951, 3,814,097, 3,921,636,
3,972,995, 3,993,072, 3,993,073, 3,996,934, 4,031,894,
4,060,084, 4,069,307, 4,077,407, 4,201,211, 4,230,105,
4,292,299 and U.S. Pat. No. 4,292,303 each of which is
incorporated herein by reference. Preferred pharma-
ceutical dosage forms are transdermal devices. A partic-
ularly preferred transdermal device is as disclosed in
U.S. Pat. No. 3,710,795. Of course, as other such dosage
forms are developed the permeation enhancement com-
positions of the present invention shall also find applica-
bility. It will be readily evident to the skilled artisan that
the dosage form utilized may also incorporate certain
pharmaceutically-acceptable excipients which are con-
ventional in the art. These include, for example, gelling
agents, cream and ointment bases and the like.
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One or more pharmacologically active agents are
present in the pharmaceutical dosage form in an effec-
tive amount, i.e., an amount calculated to achieve and
maintain blood levels which will bring about the desired
beneficial or therapeutic effect over the period of time
desired. These amounts will vary depending upon the
relative potency of the pharmacologically active agent
utilized, the amount of such agent required for the de-
sired beneficial or therapeutic effect, the physiological
half-life of the agent, the specific formulation of the
permeation enhancement composition used, and the
like. Suffice it to say that conventional dose titration
techniques, which are well within the skill of the arti-
san, may be utilized to determine the amount of the
pharmacologically active agent present in the ultimate
pharmaceutical dosage form for any specific situation
encountered.

The pharmacologically active agent is administered
by known techniques such as by placing a source (i.e., a
pharmaceutical dosage form) containing said agent and
permeation enhancement composition therefor (includ-
ing any excipients if needed) on a body surface and
maintaining said source on said body surface in agent
and composition transmitting relation thereto. Alterna-
tively, the permeation enhancement compositions of the
present invention may be used separately from the phar-
maceutical dosage form containing the pharmacologi-
cally active agent. For example, the body surface to
which the pharmacologically active agent is to be ap-
plied may be pretreated with a permeation enhance-
ment composition of the present invention prior to ap-
plication of the pharmaceutical dosage form containing
said agent.

In order to further illustrate the present invention,
various of the permeation enhancement compositions
described herein were formulated with pharmacologi-
cally active agents. These formulations were then tested
for their capacity to permeate human cadaver skin using
the apparatus and method described by Valia et. al. in
Drug Development and Industrial Pharmacy, 10(7),
951-981 (1984) which is incorporated herein by refer-
ence. Briefly, the apparatus used was a skin permeation
cell consisting of two cylindrical half-cells in mirror
image. Each of the half-cells was composed of a solu-
tion compartment which was enclosed inside of a water
jacket compartment. Each of the half-cells was
equipped with a closable sampling port and a depression
in the solution compartment which serves as the plat-
form for a star-head rotating magnet. The magnets
stirred the solution in the half-cells at a constant rate of
600 revolutions per minute by an external synchronous
driving unit. Both donor and receptor compartments
were thermostatically controlled at a constant tempera-
ture by circulating 37° C. water through the water
jacket compartment by means of an external circulator.
The skin sample (human cadaver skin) used in the inves-
tigations was then mounted between the two half-cells.
In the donor compartment was placed the formulation
containing the pharmacologically active agent (i.e., the
agent and permeation enhancement composition) and in
the receptor compartment was placed Sorensen’s phos-
phate buffer (pH 7.4), 0.9% saline solution or 40% prop-
ylene glycol/water solution. During the diffusion per-
iod (usually from about O to about 48 hours) samples
were withdrawn periodically from the receptor com-
partment and subjected to HPLC analysis for a determi-
nation of the concentration of the pharmacologically
active agent therein.
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EXAMPLE 1

Table I depicts the results of a permeation study
which was conducted through human cadaver skin as
described above for the free base of a dihydropyridine
calcium channel antagonist formulated, as by thorough
mixing, with various permeation enhancement composi-
tions of the present invention. This dihydropyridine
(referred to in Table I as “test compound™) is a potent
coronary and peripheral vasodilator and is chemically
(+)-1,4dihydro-2,6-dimethyl-4-(3-nitrophenyl)-3,5-
pyridinedicarboxylic acid, methyl 1-(phenylmethyl)-3-
pyrrolidinyl ester. In Table I (and subsequent tables) all
amounts shown are in parts by weight unless specifi-
cally denoted otherwise therein.

TABLE 1
Compo-
sition Compound® Ethanol Azone Water PG?! Flux®
A 1.0 52 3 45 — 2.12
B 1.0 62 3 35 — 0.65
C 1.0 82 3 15 — 0.25
D 25 95 5 — — 0.22
E 2.5 100 — — - 0.12
F 20.0 — 100 — - 0.04
G 1.0 40 3 40 20 14.76
H 1.0 40 2 40 20 8.90
1 0.5 37 3 40 20 8.44
3 1.0 40 1 40 20 1.90
K 1.0 40 0.5 40 20 1.29
L 1.0 52 3 25 20 0.51
M 1.0 — 10 3 87 0.21
N 0.5 — 5 63 32 0.01

“The amount of the test compound present in the donor compartment of the skin
tion cell at the start of the investigation
opylene glycol
“Refers 1o the steady state flux (rate of permeation) of the test compound through
the skin sample in micrograms per square centimeter per hour (mcg/cmz/hour)

Compositions A and B show enhanced flux over com-
positions C-F. Compositions A and B have all the com-
‘ponents within their recommended range. Composition
A has all the components within their preferred range.
Compositions C and D demonstrate the effect of having
the ethanol concentration increased beyond the recom-
mended range. Composition D demonstrates the effect
of having the ethanol concentration increased beyond
the recommended range while the azone concentration
is within its recommended range. Compositions E and F
demonstrate the effect of increasing the ethanol and
azone concentration, respectively, outside their recom-
mended range.

Compositions G-K show enhanced flux over compo-
sitions L, M, and N. Compositions G-K have all the
components within their recommended range. Compo-
sitions G and H and J and K demonstrate the effect of
decreasing azone while keeping all components within
their recommended range. Composition L demonstrates
the effect of increasing the ethanol concentration while
keeping the other components within their recom-
mended range. Composition M demonstrates the effect
of having decreased ethanol concentration, and in-
creased azone and propylene glycol concentration.
Composition N demonstrates the effect of decreased
ethanol while the other components are within their
recommended range.

EXAMPLE 2

A second pharmacologically active agent was as-
sessed using human cadaver skin in the skin permeation
cell according to the methods described above. This test
compound possesses both positive inotropic and vasodi-
lator activities and is chemically 1,3-dihydro-3, 3-
dimethyl-5-(1,4,5,6-tetrahydro-6-oxo-3-pyridazinyl)-
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2H-indol-2-one. The results of this study are shown in
Table 11

TABLE II
Compo-
sition  Compound® FEthanol Azone Water PGY  Flux®
A 0.3¢ 52 3 45 — 6.75
B 0.3 97 3 —_ — 0.36
C 0.39 37 3 40 20 13.80
D 0.3 — 5 — 95 0.21

& b.cAs defined in Table 1
“Formulated with 2 parts by weight hydroxypropy! celluiose as a gelling agent

Composition A shows enchanced flux over composi-
tion B. In composition A. all the components were kept
within their recommended range. Composition B dem-
onstrates the effect of having the ethanol concentration
above the recommended range.

Composition C shows enhanced flux over composi-
tion D. In composition C, all components were kept
within their recommended range. Composition D dem-
onstrates the effects of having the ethanol concentration
below the recommended range and propylene glycol
concentration above the recommended range.

EXAMPLE 3

Table III shows the results of a permeation study
through human cadaver skin using the methods de-
scribed above for a test compound known as pinacidil,
(£)-N-cyano-N'-4-pyridinyl-N"-(1,2,2-trimethyl-
propyl)guanidine, monohydrate. Pinacidil is pharmaco-
logically active as an antihypertensive agent.

TABLE III
Compo-
sition Compound® Ethanol Azone Water PGY Flux®
A 2.04 52 3 45 —  3L78
B 5.09 97 3 — 0.59
C 5.04 100 - - - 0.70
D 2.04 37 3 40 20 33.83
E 504 70 — 10 20 0.35

8. b ¢As defined in Table 1
“Formulated with 2 parts by weight hydroxypropyl cellulose as a gelling agent

Composition A shows enhanced flux over composi-
tions B and C. Composition A has all components
within their recommended range. Composition B dem-
onstrates the effect of having the ethanol concentration
increased beyond the recommended range while the
azone concentration is within its recommended range.
Compositions B and C demonstrate the effect of having
increased ethanol concentration above the recom-
mended range.

Composition D shows enhanced flux over composi-
tion E. Composition D has all components within their
recommended range. Composition E demonstrates the
effect of having the ethanol concentration increased and
the azone concentration decreased beyond their recom-
mended range.

EXAMPLE 4

A fourth pharmacologically active agent was as-
sessed using human cadaver skin in the skin permeation
cell according to the methods described above. This test
compound is the free base of a dopamine agonist and is
chemically  trans(—)5,5A,6,7,8,9,9A,10-octahydro-6-
propylpyrimidino(4,5-G)quinolin-2-amine. The results
of this study are shown in Table IV.
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TABLE IV
Compo-
siion Compound® Ethanol Azone Water PG? Flux¢
A 1.0 52 3 45 - 15.65
B 0.6 50 — 50 — 4.00
C 1.0 344 0.6 45 20 21.70
D 1.0 344 34 422 20 29.40
E 1.0 30 2 48 20 32.20
F 1.0 37 3 40 20 16.10
G 1.0 45 4 31 20 14.60
H 1.0 45 5 40 10 11.20
I 1.0 60 2 18 20 1.80
J 1.0 45 - 35 20 3.20
K 0.6 40 — 40 20 3.30
L 0.6 — — 60 40 0.30
M 0.6 — —_ - 100 0.00
« b <As defined in Table 1

Composition A shows enhanced flux over composi-
tion B. Composition A has all the components within
their recommended range. Composition B demonstrates
the effect of having the azone concentration below the
recommended range.

Compositions C-H show enhanced flux over compo-
sitions I-M. Compositions C and D demonstrate the
effect of increasing the azone concentration while keep-
ing all the components within the recommended range.
Compositions E-H demonstrate the effect of increasing
the ethanol concentration and the azone concentration
while keeping all the components within their recom-
mended range. Composition I demonstrates the effect of
increasing the ethanol concentration beyond the pre-
ferred recommended range. Compositions J and K dem-
onstrate the effect of decreasing the azone concentra-
tion below the recommended range. Composition L
demonstrates the effect of decreasing the ethanol and
the azone concentration below their recommended
range. Composiiion M demonstrates the effect of in-
creasing the propylene glycol concentration above its
recommended range while decreasing the ethanol and
azone concentration below their recommended range.

I claim:

1. A permeation enhancement composition for pro-
viding increased percutaneous absorption of an effec-
tive amount of an agent selected from (+)-1,4-dihydro-
2,6-dimethyl-4-(3-nitrophenyl-3,5-pyridinedicarboxylic
acid, methyl 1-(phenyimethyl)-3-pyrrolidinyl ester; 1,3-
dihydro-3,3-dimethyl-5-(1,4,5,6-tetrahydro-6-0x0-3-
pyridazinyl)2H-indol-2-one; (=%)-N-cyano-N'-4-pyridi-
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8
nyl-N"-(1,2,2-trimethylpropyl) guanidine, monohy-
drate; and trans(—)5,5A,6,7,8,9,9A,10-octahydro-6-
propylpyrimidino (4,5-G)-quinoline-2-amine; and fur-
ther comprising from 30 to 70 parts by weight ethanol,
from 0.1 to 10 parts by weight azone and from 30 to 69.9
parts by weight water; providing that emulsifiers and
gelling agents are absent.

2. The composition of claim 1 containing from 35 to
69.9 parts by weight ethanol, from 0.1 to 10 parts by
weight azone and from 35 to 80 parts by weight water.

3. The composition of claim 2 containing 52 parts by
weight ethanol, 3 parts by weight azone and 45 parts by
weight water.

4. The composition of claim 3 present in a pharma-
ceutical dosage form and additionally containing and
effective amount of a pharmacologically active agent
and pharmaceutically-acceptable excipients.

5. In a method for the percutaneous administration of
an effective amount of an agent selected from (=)-1,4-
dihydro-2,6-dimethyl-4-(3-nitrophenyl)-3,5 -pyridinedi-
carboxylic acid, methyl 1-(phenylmethyl)-3-pyrrolidi-
nyl ester; 1,3-dihydro-3,3-dimethyl-5-(1,4,5,6-tetrahy-
dro-6-ox0-3-pyridazinyl)2H-indol-2-one; (+)-N-cyano-
N’-4-pyridinyl-N"-(1,2,2-trimethylpropyl)guanidine,
monohydrate; and trans(—)5,5A,6,7,8,9,9A,10-octahy-
dro-6-propylpyrimidino(4,5-G)quinoline-2-amine
which includes placing and maintaining on a body sur-
face a source of said agent and a permeation enhance-
ment composition therefor in agent and composition
transmitting relationship on said body surface, the im-
provement wherein said permeation enhancement com-
position is a composition of claim 1.

6. The method of claim 5 wherein said permeation
enhancement composition contains from 35 to 69.9
parts by weight ethanol, from 0.1 to 10 parts by weight
azone and from 35 to 80 parts by weight water.

7. The method of claim 6 wherein said permeation
enhancement composition contains 52 parts by weight
ethanol 3 parts by weight azone and 45 parts by weight
water.

8. The method of claim 7 wherein the pharmacologi-
cally active agent and the permeation enhancement
composition are present in a pharmaceutical dosage
form additionally containing pharmaceutically-accepta-

ble excipients.
*x %* % X x
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